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IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD AND IMAGEL
PROCESSING PROGRAM THAT PERFORMS
A LEVEL CONVERSION ON MULTILEVEL
INPUT IMAGE DATA

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from JP 2003-335998 filed
on Sep. 26, 2003, the subject matter of which 1s incorporated
herein 1n 1ts entirety by reference thereto.

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention relates to a technique to perform a level
conversion on multilevel mput 1image data to produce multi-
level output 1mage data having fewer levels than the multi-
level mnput image data.

2. Description of Related Art

Conventionally, error diffusion 1s known as one technique
to convert multi-level input image data into multilevel output
image data having fewer levels than multilevel input image
data. In this technique, error values generated 1n a level con-
version process are saved with respect to respective pixels of
the input image data. The error values are collected based on
the error diffusion matrix, and fed back to input level values of
unprocessed pixels. By providing feedback of the error val-
ues, reproductivity of density levels as an entire image can be
improved.

In addition to the error diffusion method, dithering 1s one of
the techniques also frequently used to convert multilevel
input image data into multilevel output image data. Dithering
1s a technique that determines an output level value by com-
paring an input level value and a threshold value 1n a dither
matrix one-on-one. The dithering technique can also improve
the processing speed.

Some techniques to solve defects of error diffusion and
dithering have been proposed. For example, U.S. patent
application Publication No. 2003/0072035 discloses that an
error utilization factor K 1s determined based on characteris-
tics of mput image data and output conditions, such as a
printing resolution. The error utilization factor K 1s multiplied
by an error value collected 1n an error distribution matrix, and
then added to the input level value.

SUMMARY OF THE INVENTION

To generate an output 1mage data of high resolution, the
pixel size of the output 1mage 1s reduced and a ratio of a dot
s1ze to the pixel size 1s increased. Thus, there 1s a problem that
the density of an 1mage formed on a recording medium, such
as a sheet, becomes thick. Furthermore, when dots are out-
putted onto a sheet at high density, bleeding, drips of ink, or
cockling of the sheet are likely to occur.

The invention provides a technique to make the density of
an entire image represented by output image data appropniate.

According to one exemplary aspect of the mvention, an
image processing apparatus converts multilevel imput image
data mnto multilevel output image data having fewer levels
than the multilevel mput image data and used 1n an 1mage
output device. The 1image processing apparatus includes a
moditying device that modifies an mput level value of a
subject pixel in the mnput image data with use of an error value
generated by a level conversion as to a pixel close to the
subject pixel and calculates a modified level value of the
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subject pixel; a determining device that determines an output
level value of the subject pixel 1n the output image data based
on a comparison between the modified level value of the
subject pixel and a threshold value; an error value calculating
device that calculates the error value for the subject pixel from
a difference between the output level value of the subject pixel
and the modified level value of the subject pixel; a mode
setting device that adjusts the image output device to operate
in one of a plurality of 1mage output modes each of which
outputs output image data at a different resolution; and an
output level value setting device that sets the output level
value used by the error value calculating device to a value
corresponding to the one 1mage output mode set by the mode
setting device. When a predetermined 1mage output mode 1s
set by the mode setting device, the output level value setting
device sets the output level value used by the error value
calculating device to a value greater than the output level
value when other image output mode 1s set.

According to another exemplary aspect of the ivention,
the 1mage processing apparatus includes a mode setting
device that adjusts the 1mage output device to operate 1n one
of a plurality of 1mage output modes each of which outputs
output 1mage data at a different size ratio of a dot size to a
pixel size of an output image. When a predetermined image
output mode 1s set by the mode setting device, the output level
value setting device sets the output level value used by the
error value calculating device to a value greater than the
output level value when other 1mage output mode 1s set.

According to a further exemplary aspect of the ivention,
the 1mage processing apparatus includes a determiming
device that determines an output level value of a subject pixel
in the output 1mage data based on a comparison between an
input level value of the subject pixel 1n the mput image data
and a threshold value corresponding to the subject pixel in a
dither matrix; a mode setting device that adjusts the 1image
output device to operate 1n one of a plurality of 1image output
modes each of which outputs output 1image data at a different
resolution; a storage device that stores a plurality of dither
matrices of varying ranges according to representable levels
in association with the plurality of 1image output modes; and
a dither matrix selecting device that selects a dither matrix
corresponding to the one 1mage output mode set by the mode
setting device as a dither matrix used by the determining
device. When a predetermined image output mode 1s set by
the mode setting device, the dither matrix selecting device
selects a dither matrix for higher levels than those of the input
image data.

According to one exemplary aspect of the invention, the
image processing apparatus includes a mode setting device
that adjusts the 1image output device to operate 1n one of a
plurality of image output modes each of outputs output image
data at a different size ratio of a dot size to a pixel size of an
output 1image. When a predetermined image output mode 1s
set by the mode setting device, the dither matrix selecting
device selects a dither matrix for higher levels than those of
the input 1mage data.

According to another exemplary aspect of the mvention,
there 1s provided an 1mage processing method of converting
multilevel input image data into multilevel output image data
having fewer levels than the multilevel input image data. The
image processing method mncludes moditying an mput level
value of a subject pixel in the mput 1image data with use of an
error value generated by a level conversion as to a pixel close
to the subject pixel and calculating a modified level value of
the subject pixel; determining an output level value of the
subject pixel in the output image data based on a comparison
between the modified level value of the subject pixel and a
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threshold value; calculating the error value for the subject
pixel from a difference between the modified level value of
the subject pixel and the output level value thereof; setting the
output level value used to calculate the error value to a value
corresponding to a resolution of the output image data when
the output 1image data 1s outputted at the resolution selected
from a plurality of resolutions; and setting the output level
value to a value greater than the output level value at an other
resolution, if the output 1image data 1s outputted at a predeter-
mined resolution of the plurality of resolutions.

According to a further exemplary aspect of the invention,
the 1image processing method includes setting the output level
value used to calculate the error value to a value correspond-
ing to a size ratio of a dot to a pixel of the output 1mage data
when the output 1mage data 1s outputted at the size ratio
selected from a plurality of size ratios; and setting the output
level value to a value greater than the output level value at an
other size ratio, if the output 1mage data 1s outputted at a
predetermined size ratio of the plurality of size ratios.

According to another exemplary aspect of the imvention,
the 1mage processing method includes comparing an input
level value of a subject pixel 1n the input 1mage data and a
threshold value corresponding to the subject pixel 1n a dither
matrix; determining an output level value of the subject pixel
in the output image data based on a result of the step of
comparing; selecting a dither matrix corresponding to a reso-
lution of the output image data as a dither matrix used to
determine the output level value when the output image data
1s outputted at the resolution selected from a plurality of
resolutions; and selecting a dither matrix for higher levels
than those of the input image data if the output 1image data 1s
outputted at a predetermined resolution of the plurality of
resolutions.

According to another exemplary aspect of the mmvention,
the 1mage processing method includes selecting a dither
matrix corresponding to a size ratio of a dot to a pixel of the
output 1image data as a dither matrix used to determine the
output level value when the output image data 1s outputted at
the size ratio selected from a plurality of size ratios of dots to
pixels of an output 1mage; and selecting a dither matrix for
higher levels than those of the input 1mage data 1 the output
image data 1s outputted at a predetermined size ratio of the
plurality of size ratio.

According to a further exemplary aspect of the mvention,
there 1s provided an 1image processing program configured to
operate a computer to convert multilevel input image data into
multilevel output 1image data having fewer levels than the
multilevel input image data. The 1image processing program
comprising instructions to modily an mput level value of a
subject pixel in the mnput image data with use of an error value
generated by a level conversion as to a pixel close to the
subject pixel and calculate a modified level value of the sub-
ject pixel; determine an output level value of the subject pixel
in the output image data based on a comparison between the
modified level value of the subject pixel and a threshold value;
calculate the error value for the subject pixel from a difference
by subtracting the output level value of the subject pixel from
the modified level value of the subject pixel; and set the output
level value used to calculate the error value to a value corre-
sponding to a resolution of the output 1image data when the
output image data 1s outputted at the resolution selected from
a plurality of resolutions, to a greater value compared with the
output level value at an other resolution.

According to a further exemplary aspect of the mnvention,
the 1image processing program comprising instructions to set
the output level value used to calculate the error value to a
value corresponding to a size ratio of a dot to a pixel of the
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output image data when the output image data 1s outputted at
the size ratio selected from a plurality of size ratios, to a
greater value compared with the output level value at an other
s1Ze rati1o, 1f the output 1mage data 1s outputted at a predeter-
mined size ratio of the plurality of size ratios.

According to one exemplary aspect of the imnvention, there
1s provided an 1image processing program configured to oper-
ate a computer to convert multilevel mput 1mage data nto
multilevel output 1image data having fewer levels than the
multilevel mput 1mage data. The 1image processing program
comprising instructions to determine an output level value of
a subject pixel in the output image data based on a comparison
between an input level value of the subject pixel 1n the input
image data and a threshold value corresponding to the subject
pixel 1n a dither matrix; and select a dither matrix correspond-
ing to a resolution of the output image data as a dither matrix
used to determine the output level value when the output
image data 1s outputted at a resolution selected from a plural-
ity of resolutions, for higher levels than those of the mput
image data 1f the output 1image data i1s outputted at a prede-
termined resolution of the plurality of resolutions.

According to another exemplary aspect of the mvention,
the 1mage processing program comprising instructions to
select a dither matrix corresponding to a size ratio of a dot to
a pixel of the output 1mage data as a dither matrix used to
determine the output level value when the output image data
1s outputted at the size ratio selected from a plurality of size
ratios, for higher levels than those of the input image data it
the output 1mage data 1s outputted at a predetermined size
ratio of the plurality of size ratios.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will be described 1n detail
with reference to the following figures, wherein:

FIG. 1 1s a block diagram of a general structure of a printer
according to a first exemplary embodiment of the invention;

FIGS. 2A and 2B show relationships between pixel size
and dot size;

FIG. 3 1s a flowchart of halftoning according to the first
exemplary embodiment of the invention;

FIG. 4 1s a flowchart of a binarization process according to
the first exemplary embodiment of the imnvention;

FIG. 5 1s a block diagram of the binarization process;

FIG. 6 1s a table showing results of binarization of input
image data with the maximum density;

FIG. 7 1s an 1llustration of an error distribution matrix;

FIG. 8 1s a table showing results for calculating a modified
density using a value, which 1s set to a half of a pixel density;

FIG. 10 1s a flowchart of the output density setting process;

FIG. 11 1s a flowchart of a binarization process as a modi-
fication;

FIG. 12 1s ablock diagram of the binarization process in the
modification;

FIG. 13 1s a flowchart of a binarization process as a modi-
fication;

FIG. 14 1s ablock diagram of a general structure of a printer
according to a second exemplary embodiment of the mven-
tion;

FIG. 15 1s an illustration of a dither matrix for low resolu-
tion;

FIG. 16 1s an 1llustration of a dither matrix for high reso-
lution;

FI1G. 17 1s a flowchart of halftoning according to the second
exemplary embodiment of the invention; and
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FI1G. 18 1s a flowchart of a binarization process according to
the second exemplary embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

An exemplary embodiment of the invention will be
described 1n detail with reference to the accompanying draw-
ngs.

FIG. 1 1s a block diagram representing a general structure

of a printer 100 as an 1mage processing apparatus 1n a first
exemplary embodiment of the invention.

The printer 100 has a function to produce pseudo-halftone
output 1mage data by binarizing two hundred fifty six (256)

levels of input image data (a multilevel ranging from zero (0)
to two hundred fifty five (255). The printer 100 1s provided

with a CPU 110, a RAM 120, a ROM 130, and a printing
portion 140, which are connected via a bus 150 to enable data
communications therebetween, as shown in FIG. 1.

The RAM 120 1s provided with an mput image storage
portion 121 for storing input image data, an output image data
storage portion 122 for storing output image data, and an error
storage portion 123 for storing a binary conversion error €
generated by the binarization process.

The input 1mage data refers to four kinds of input image
data, namely, black (K) image data, cyan (C) image data,
magenta (M) image data and yellow (Y) image data, which
correspond to respective print colors for printing a color
image. The printer 100 generates output image data of each
print color corresponding to the mput image data of each
color. An 1image of each print color generated based on each of
the output image data 1s printed on a recording sheet so as to
overlap each other, so that a color image 1s represented.

The ROM 130 stores a halitoning program (which func-
tions as an 1image processing program) 131 that allows the
CPU 110 to execute halftoming (FIG. 3) to generate output
image data, which 1s obtained by binarizing 256 levels of
input 1image data using error diffusion.

The ROM 130 also stores an error distribution matrix 132
and a fixed threshold value 133 (the fixed threshold value 1s
“128” 1n the first exemplary embodiment) as information
used 1n the halftoning.

The printing portion 140 ejects each of color 1inks of black
(K), cyan (C), magenta (M), and yellow (Y) (which functions
as a coloring agent) and forms dots on a sheet of paper (which
functions as a recording medium), so that a color image
represented by the output image data 1s printed thereon.

In the printer 100, a print mode (which functions as an
image output mode) can be selectable between a high-reso-
lution mode for printing a high resolution output image and a
low-resolution mode for printing a low resolution output
image. The printer 100 generates output image data having a
resolution corresponding to the print mode being set. In the
low-resolution mode, the printer 100 forms dots of s1ze shown
in FIG. 2A, for example, as to a pixel size of the output image
at the printing portion 140.

In the high-resolution mode, the pixel size of the output
image 1s smaller than that 1in the low-resolution mode, and
thus the ratio of the dot size to the pixel size becomes great.
Specifically, in the high-resolution mode where the pixel size
of the output image 1s half as large as that in the low-resolu-
tion mode, when dots are recorded 1n 50% of all pixels of the
output image, the results become equal to those when dots are
recorded 1 100% pixels of the output image in the low-
resolution mode, as shown 1n FIG. 2B. In other words, with
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6

respect to the pixel size of the output image, the dot size
relatively becomes approximately twice as large as that in the
low-resolution mode.

The halftoning process to be executed by the CPU 110 1n
accordance with the halftoning program 131 stored in the
ROM 130 will be described with reference to FIG. 3. At the
start of the halftoning process, the error storage portion 123 1s
initialized to zero (0). When the halftoning process starts,
values of variables x and y are set to zero (0), which 1s an
initial value, at S110 and S120 respectively (S represents a
single step). The vanables x and y are used to determine a
location of a pixel to be subjected to a binarization process,
1.€., the location of a subject pixel.

At S130, a value of a vaniable 1 1s set to zero (0). The
variable I'1s used to determine a print color of input image data
to be processed. Values of the variable 1 are O for black (K), 1
for cyan (C), 2 for magenta (M), and 3 for yellow (Y).

At 5140, a binarization process 1s executed for imnput image
data whose print color 1s represented by the variable I, ol input
image data sets stored in the input image storage portion 121.
In the binarization process, the subject pixel (x, y) 1n the input
image data 1s binarized to determine a corresponding output
image U (which functions as an output level value). The
binarization process will be described later in detaul.

At S150, 1t 1s determined whether the value of the variable
f reaches 3. It 1t 1s determined that the value of the variable
does not reach 3 (the vanable 1'1s any number from O to 2), the
flow goes to S160, and one (1) 1s added to the value of the
variable 1 to change the print color of the input 1image data to
be binarized, and then the tflow returns to S140.

On the other hand, when 1t 1s determined that the value of
the variable 1 reaches 3, the flow goes to S170. That 1s, the
flow 1s designed to go to S170 after the binarization process
(5140) as to the input image data for each print color. At 5170,
it 1s determined whether a binarization for one raster (one
line) has been completed. That 1s, 1t 1s determined whether a
binarization in the main scanning direction (x direction) has
been completed.

When 1t 1s determined that the binarization for one raster 1s
not completed at S170, the tlow goes to S180, and one (1) 1s
added to the value of the variable x to move the subject pixel
position X, by one pixel (or column), 1n the main scanning
direction. The tlow returns to S130 and the steps subsequent
to S130 are performed again.

On the other hand, when it 1s determined that the binariza-
tion for one raster has been completed at S170, the tlow goes
to S190, and one (1) 1s added to the value of the variable y to
move the subject pixel position y, by one line, 1n a sub-
scanning direction (1n a y-axis direction).

At S200, a determination 1s made as to whether a binariza-
tion for one page has been completed. When 1t 1s determined
that the binarization for one page has not been completed at
5200, the flow returns to S120 and the steps subsequent to
S120 are performed again. On the other hand, when 1t 1s
determined that the binarization for one page has been com-
pleted at S200, the halftoning ends. By executing the above-
mentioned halftoning, output image data as to each print color
1s generated 1n the output image storage portion 122.

The following 1s a description of a binarization process
executed at S140 of the above halftoning with reference to
FIGS. 4 and 5. The binarization process 1n this exemplary
embodiment 1s different from the conventional method in that
a binary conversion error ¢ 1s calculated 1n a different way
according to whether the print mode of the printer 100 1s set
to the high-resolution mode or the low-resolution mode.

When the binarization process 1s started, a pixel density I
(which functions as an mput level value; 0=1=233) of the
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subject pixel (X, v) 1n the mput image data of the print color
indicated by the variable I from the input image storage
portion 121 at S310 i1s read. Although this embodiment
describes a pixel density I functioning as an input level value,
an ntensity of a subject pixel may also function as an 1mput
level value.

At S320, the pixel density I read at S310 1s modified to
obtain a modified density I' (which functions as a modified
level value), with the addition of binary conversion errors ¢
(which function as an error value), which are distributed to
pixels located in the neighborhood of the subject pixel and are
stored 1n the error storage portion 123. More specifically,
based on the error distribution matrix 132 stored 1n the ROM
130, a binary conversion error ¢ for each neighboring pixel
whose weight coellicient 1s set with respect to the subject
pixel, and a weight coellicient corresponding to each neigh-
boring pixel, are multiplied together, and the sum 1s added to
the pixel density I, thereby calculating the modified density I',
as shown 1n the following Expression 1:

I'=I+2(e;xweight coetficient;;) [Expression 1]

where 1) imndicates a relative position relative to the subject
pixel.
At 5330, 1t 1s determined whether the modified density I

calculated 1n S320 1s greater than or equal to a threshold value
133 (fixed value 1s “128”) stored 1n the ROM 130.

When it 1s determined that the modified density I' 1s greater
than or equal to the threshold value at S330, the tlow goes to
5340, the output image U of the print color represented by the
variable 1 as to the subject pixel (X, y) 1s set to 1, and a value
for the output 1image U 1s stored in the output image storage
portion 122 at S350. The output image U=1 corresponds to
255 1n 256 levels (from O to 2355), and output image U=0
corresponds to zero (0) 1n 236 levels.

At S360, a determination 1s made as to whether the print
mode of the printer 100 1s set to the high-resolution mode.
When it 1s determined that the print mode 1s set to the high-
resolution mode at S360, the tlow goes to S370, and an output
density U', which is a value of the output image U for calcu-

lation of the binary conversion error e, 1s set to 510. Then, the
flow goes to S420.

On the other hand, when it 1s determined that the print
mode 1s not set to the high-resolution mode at S360 (namely,
the print mode 1s set to the low-resolution mode), the flow
goes to S380, and the output density U'1s setto 255. Then, the
flow goes to S420.

At S330, when 1t 1s determined that the modified density I
1s not greater than or equal to the threshold value (that 1s, 1t 15
under the threshold value), the flow goes to S390, the output
image U for a print color represented by the variable fas to the
subject pixel (X, y) 1s set to zero (0). At S400, the value for the
output image U 1s stored in the output image storage portion

122.

The output density U' 1s set to zero at S410, and then the
flow goes to S420. The output density U' may be calculated
from the output image U. At S420, the binary conversion error
¢ (the value for a print color represented by the variable 1)
generated during the binarization process 1s calculated by
subtracting the output density U' set at S370, S380, or S410
from the modified density I' obtained at S320, as shown 1n the
tollowing Expression 2:

e=1-U" [Expression 2]

Then, at S430, the calculated binary conversion error € 1s
stored 1n the error storage portion 123 as a binary conversion
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error ¢ as to the pixel (X, y) (the value for a print color
represented by the variable 1), and the binarization process
has been completed.

The following description 1s the binarization process when
the print mode of the printer 100 1s set to the high-resolution
mode and mput image data having the maximum density (1.¢.,
a solid black 1image) 1s binarized, with reference to FIG. 6. To
make the description simple, the description will be made
using a simple error distribution matrix as shown in FIG. 7
(with “*” representing the subject pixel and “1/1” represent-
ing the weight coetlicient). However, the usable error distri-
bution matrix 1s not limited to the matrix as shown i FIG. 7.
Various error distribution matrices 1n size may be used.

As shown 1n FIG. 6, the following process 1s performed as
a process for the subject pixel when the subject pixel location
X 1n the main scanning direction 1s zero (0). The pixel density
[=255 of the subject pixel 1s read from the mput 1image data
(S310).

From the sum of the pixel density I and a binary conversion
error € (¢=01n this case) as to a neighboring pixel indicated by
the error diffusion matrix (FIG. 7) (namely, a pixel at a posi-
tion where 1 1s subtracted from the subject pixel location x in
the main scanning direction), the modified density I' 1s calcu-

lated at 2355 (5320).

The modified density I' and the threshold value (128) are
compared. In this case, as the modified density I' 1s greater
than or equal to the threshold value (S330: Yes), the value of
the output 1mage U 1s regarded as 1 (8340), and a dot 1s
outputted at the pixel’s location. The output density U' 1s set
to 510 (S370). By subtracting the output density U' from the
modified density I', the binary conversion error ¢ 1s calculated
at =255 (5420).

The following process will be made as a process for the
subject pixel when the subject pixel location x 1n the main
scanning direction1s 1. The pixel density =255 of the subject
pixel 1s read from the input 1mage data (S310).

From the sum of the pixel density I and the binary conver-
sion error ¢ for the neighboring pixel (-2535), the modified
density I' 1s calculated at 0 (S320). The modified density I' and
the threshold value (128) are compared. In this case, as the
modified density I' 1s under the threshold value (S330: No),
the value of the output image U 1s regarded as 0 (5390), and
no dot 1s to be outputted at the pixel location.

The output density U' 1s set to 0 (S410). By subtracting the
output density U' from the modified density I', the binary
conversion error € 1s calculated at 0 (S420).

In this way, the process for the subject pixel 1s performed as
the subject pixel location X 1n the main scanning direction=2,
3, .. .1s changed sequentially. Thus, dots are to be outputted
for every other pixel.

In the ligh-resolution mode, when dots are recorded on
50% of all pixels of the output image, the amount of ink
capable of being ejected onto a sheet reaches a maximum, so
that the output image data commensurate with the resolution
of the input image data 1s to be generated. Because the dot size
becomes twice as large as the pixel size of the output image
data 1n the high-resolution mode, compared with the low-
resolution mode, the value of the output density U'=510,
which 1s double the value of the output density U'=2355 1n the
low-resolution mode, 1s used for calculating the binary con-
version error €. Then, the input 1mage data and the output
image data become equal 1n the density as an entire 1image.

In the printer 100, the binary conversion error € 1s calcu-
lated using “output density U'=510", which 1s a value doubled
by the “output density U'=255"" in the low-resolution mode, in
order to reduce the number of dots of the output 1mage.
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However, 1instead of this technique, the modified density I' can
be calculated using a value of half the pixel density 1.

Specifically, as shown 1n FIG. 8, the following procedure
will be performed for the subject pixel when the subject pixel
location x 1n the main scanning direction 1s zero (0). The pixel
density =235 of the subject pixel 1s read from the mnput image
data.

From the sum of a conversion pixel density 1/2=127, which
1s a value of half the pixel density I, and the binary conversion
error € as to a neighboring pixel (in this case, e=0), the
modified density I' 1s calculated at 127.

The modified density I' and the threshold value (sixty four
(64) 1n thus case) are compared. Because the modified density
I' 1s greater than or equal to the threshold value, the value of
the output 1mage U 1s regarded as 1, and a dot 1s outputted at
the pixel’s location. Then, the output density U'(=2355 when
the output 1image U=1) 1s subtracted from the modified den-
sity I'. Thus, the binary conversion error e=—128 1s calculated.

The following procedure will be performed for the subject
pixel when the subject pixel location x 1n the main scanming,
direction 1s one. The pixel density=255 of the subject pixel 1s
read from the mput image data. Then, from the sum of the
conversion pixel density I/2=1277, which 1s a value of half the
pixel density I, and the binary conversion error e=128 as to a
neighboring pixel, the modified density I' 1s calculated at -1.

The modified density I' and the threshold value (64) are
compared. In this case, as the modified density I' 1s under the
threshold value, the value of the output image U 1s regarded as
0, and any dot 1s not outputted at the pixel location. Then, the
output density U'=01s subtracted from the modified density I',
and the binary conversion error ¢ 1s calculated at —1. In this
way, the process for the subject pixel 1s performed as the
subject pixel location x in the main scanning direction 1s 2,
3, .. .1s changed sequentially. Thus, dots are to be outputted
for every other pixel.

However, 1n the techmique shown 1n FI1G. 8, the value of the
conversion pixel density 1/2, which 1s half the value of the
pixel density I, should be an integer because the computing,
will be greatly slowed 1f the value 1s not integer. For this
reason, 1f the pixel density 1 1s 254, the conversion pixel
density I/2 becomes 127, with the result that the output dot
precisely identical with that shown in FIG. 8 can be obtained.
In other words, although the mnput 1mage data has 256 levels,
the actual processing ends in the same results as when the
input image data having 128 levels. Consequently, the tech-
nique shown in FIG. 8 substantially reduces the number of
levels of the input image data, however, the technique of the
printer 100 of the first embodiment (FIG. 6) 1s free from such
a problem.

In the printer 100 of the first exemplary embodiment, the
process at S320 in binarization process (FI1G. 4) functions as
a moditying device, the processes at S330, S340, and S390
function as a determiming device, the processes at S360 to
S380 function as an output level value setting device, and the
process at S420 functions as an error value calculating device.

As described above, 1n the printer 100 of the first exem-
plary embodiment, the output density U' used for calculating
the binary conversion error € 1s set to a value corresponding to
a ratio of a dot size with respect to the pixel size of the output
image. Thus, according to the printer 100, even when the dot
s1ze 1s greater than the pixel size of the output 1mage, the
density of the entire image represented by the output image
data can be adjusted appropriately. Furthermore, loss of levels
of the multilevel input image data can be prevented.

In the printer 100 of the exemplary first embodiment, set-
ting of the output density U' corresponding to the print mode
of the printer 100 1s performed 1n the binarization process
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(S360 to S380 1n FIG. 4), which 1s executed at S140 of
halftoning (FIG. 3), however, the mnvention 1s not limited to
this process. For example, as shown 1n FIG. 9, a process for
setting the output density U' corresponding to the print mode
of the printer 100 may be performed aside from a series of
processes where a color conversion 1s applied to the input
image data of RGB data to generate a density 1mage of
CMYK data and halftoning 1s applied to generate an output
image of the CMYK data.

Examples of the output density setting process and the
binarization process executed in halftoning in association
with the output density setting process will be described. The
output density setting process will be described with refer-
ence to a flowchart of F1G. 10. As shown in FIG. 10, when the
output density setting process 1s started, 1t 1s determined
whether the print mode of the printer 100 1s set to the high-
resolution mode at S510.

When 1t 1s determined that the print mode 1s set to the
high-resolution mode at S510, the tlow goes to S520, where
an ON output density Uon, which 1s an output density U’
when the value of the output image U 1s one (1), 15 set to 510,
and an OFF output density Uoll, which is an output density U’
when the value of the output image U 1s zero (0), 1s set to zero
(0), and the output density setting process ends.

On the other hand, when 1t 1s determined that the print
mode 1s not set to the high-resolution mode (1.e., the print
mode 1s set to the low-resolution mode) at S510, the flow goes
to S530, the ON output density Uon 1s set to 255, the OFF
output density Uoll 1s set to zero (0), and the output density
setting process ends.

Next, an exemplary binarization process will be described
with reference to a tlowchart of FIG. 11 and a block diagram
of FIG. 12. In this exemplary embodiment, the process at
S355 1s performed instead of the processes at S360 to S380
and the process at S405 1s performed 1nstead of the process at
S410 as discussed above. Similar processes (5310 to 350,
S390, S400, S420, and S430) are designated by similar
numerals, and thus the description thereof can be omitted for
the sake of brevity.

In the binarization, at S355, the output density U’ 1s set to
the ON output density Uon which has been set in the above
output density setting process (FI1G. 10). Thus, when the print
mode of the printer 100 1s set to the high-resolution mode, the
output density U' 1s set to 510, and when set to the low-
resolution mode, the output density U' 1s set to 235.

At S405, the output density U' 1s set to the OFF output
density Uoll which has been set 1n the above output density
setting process (FI1G. 10). Thus, when the print mode of the
printer 100 1s set to either the high-resolution mode or the
low-resolution mode, the output density U' 1s set to zero (0).

In the above example, the output density setting process
(FI1G. 10) functions as an output level value setting device. On
the other hand, in the printer 100 of the first exemplary
embodiment, when the print mode 1s set to the high-resolution
mode, the output density U' 1s set to 510, which 1s double the
output density U' in the low-resolution mode. However, the
output density U' may be determined by a method other than
this.

For example, 1f surface tension of ink varies with ink colors
because of the difference of components contained in 1nk for
cach print color, the dot size also varies depending on 1nk
colors even 11 the same amount of 1nk 1s ejected onto a sheet.
Thus, the output density U' may be set to a value correspond-
ing to a print color of the output 1mage data.

When the output density U' is set to a value corresponding,
to a print color of the output image data, the binarization

executed at S140 of the above halftoning (FIG. 3) will be
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described with reference to a tflowchart of FIG. 13. This
binarization 1s different from the binarization of the first
embodiment (FIG. 4) in that the process at S3635 1s performed
instead of the processes at S360 to S380. Similar processes
(S310 to 350 and S390 to S430) are designated by similar
numerals, and thus the description thereof can be omitted for
the sake of brevity.

In the binarization process of the exemplary embodiment,
at S365, the output density U' 1s determined based on Table 1
below. For example, assuming that the print mode of the
printer 100 1s set to the high-resolution mode and the print
color represented by the varniable 1 1s black (K), the value of
the output density U' 1s 520. Thus, the value of the output
density U' 1s determined 1n accordance with the print mode
and the print color.

TABL.

1

(Ll

Output density U’

K C M Y
Low-resolution mode 260 260 255 255
High-resolution mode 520 520 510 510

According to the binarization process shown in FIG. 13, a
reduction in color reproduction can be prevented even when
the dot size to be formed on the sheet varies according to 1nk
colors. In the binarization process shown in FIG. 12, the
process as S365 functions as an output level value setting
device.

On the other hand, in the printer 100 of the first exemplary
embodiment, the output densitly U 1s represented by one (1)
or zero (0) of the two values (binarized) according to whether
the modified density I' 1s greater than the threshold value,
however, the mvention 1s not limited to this process. As long,
as the printing portion 140 1s constructed so as to form dots 1n
a plurality of sizes, the outputimage U may be represented by
three or more values 1n accordance with the dot size. Specifi-
cally, assuming that the printing portion 140 1s capable of
forming dots of three different sizes of large, medium and
small size, three kinds of threshold values are prepared
(T1>T2>T3). For example, when the modified density I' 1s
greater than or equal to T1, a large-sized dot 1s outputted.
When the modified density I' 1s under T1 and greater than or
equal to T2, amedium-sized dot 1s outputted. When the modi-
fied density I' 1s under T2 and greater than equal to T3, a
small-sized dot 1s outputted. When the modified density I' 1s
under T3, no dot 1s outputted. Even in this case, the output
density U' used for calculating the binary conversion error e 1s
set to a value corresponding to a size ratio of a dot size (ink
quantity) with respect to a pixel size of the output image. For
example, 1n the low-resolution mode, the output density U' 1s
64 for the small-sized dots (5 pl ink droplets), 128 for the
medium-sized dots (10 pl ink droplets), and 255 for the large-
s1zed dots (20 pl ink droplets). In the high-resolution mode,
the output density U' 1s 128 for the small-sized dots, 255 for
the medium-sized dots, and 510 for the large sized dots. In
this manner, the density as an entire output image represented
by the output image data can be made appropriate.

FI1G. 14 1s ablock diagram of a general structure of a printer
200 according to a second exemplary embodiment of the
invention. As shown in FIG. 14, the printer 200 1s different
from the printer 100 shown 1n FIG. 1 1n the following three
points. In FIG. 14, 1t 1s noted that elements similar to or
identical with those of the printer 100 1n the first embodiment
are designated by similar numerals. Thus, the description
thereol can be omitted for the sake of brevity.
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1: Instead of the halftoning program 131 of the first
embodiment, the ROM 130 stores a halftoning program 231,
which 1s different 1n some process from the halftoning pro-
gram 131 of the first embodiment. Specifically, 1n the hali-
toning process (FI1G. 3) executed 1n accordance with the hali-
toning program 131 of the first embodiment, input image data
of 256 levels 1s binarized by the error diffusion to generate
output image data. On the other hand, 1n a halftoning process
(F1G. 17) executed in accordance with the halftoming pro-
gram 231 of the second embodiment, input 1image data of 16
levels (a multilevel ranging from zero (0) to 15) 1s binarized
by dithering to generate output image data. In the second
embodiment, the mnput 1image data of 16 levels 1s an example
for convenience of description. As in the case of the first
embodiment, the method of the second embodiment can be
applied to the input 1image data of 256 levels.

2: Instead of the error distribution matrix 132 and the
threshold value 133 of the first embodiment, the ROM 130
stores a low-resolution dither matrix 234 and a high-resolu-
tion dither matrix 235 as information used 1n the halftonming
process (FIG. 17). As shown 1n FIG. 15, the low-resolution
dither matrix 234 stores threshold values T ranging from 1 to
16 1n 16 cells comprised of four rows and four columns, and
1s conventionally used as a dither matrix for binarizing input
image data of 16 levels by dithering. On the other hand, as
shown 1n FIG. 16, the high-resolution dither matrix 233 stores
threshold values T ranging from 1 to 32 1n 32 cells comprised
of four rows and eight columns, and 1s used for binarizing
input 1mage data of 32 levels by dithering.

3: The error storage portion 123 1s not allocated 1n the
RAM 120 because it 1s not necessary for dithering.

A halftoning process executed by the CPU 111 in accor-
dance with the halftoning program 231 stored in the ROM
130 will be described with reference to FIG. 17. When the
halftoning 1s started, 1t 1s determined whether the print mode
of the printer 200 1s set to the high-resolution mode in S810.

When it 1s determined that the print mode 1s not set to the
high-resolution mode at S810 (namely, the print mode 1s set to
the low-resolution mode), the tlow goes to S820, and the
low-resolution matrix 234 (FI1G. 15) stored in the ROM 130 1s
selected as a dither matrix used for binarization described
later (S870). Then, the flow goes to S840.

On the other hand, when 1t 1s determined that the print
mode 1s set to the high-resolution mode at S810, the flow goes
to S830, and the high-resolution dither matrix 2335 (FIG. 16)
stored 1n the ROM 130 1s selected as a dither matrix used for
the binarization (S870). Then, the flow goes to S840.

At S840 and S850 respectively, values of variables x and vy
are set to zero (0), which 1s an 1nitial value. The variables x
and y are used to determine a location of a pixel to be sub-
jected to a binarization process, 1.€., the location of a subject
pixel.

At S860, a value of a vaniable 1 1s set to zero (0). The
variable I'1s used to determine a print color of input image data
to be processed. As 1s the case with the first embodiment,
values of the variable f are O for black (K), 1 forcyan (C), 2 for
magenta (M), and 3 for yellow (Y).

At S870, a binarization process 1s executed for input image
data whose print color 1s indicated by the variable 1, of input
image data sets stored in the input image storage portion 121.
In the binarization process, the subject pixel (x, y) 1n the input
image data 1s binarized to determine a corresponding output
image U. The binarization process will be described later 1n
detail.

At S880, 1t 1s determined whether the value of the variable
f reaches 3. It i1t 1s determined that the value of the variable
does not reach 3 (namely, the variable 1 1s any number from O
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to 2), the tlow goes to S890, and one (1) 1s added to the value
of the vanable 1 to change the print color of the input 1mage
data to be binarized, and then the flow returns to S870.

On the other hand, when 1t 1s determined that the value of
the vaniable 1 reaches 3, the tlow goes to S900. That 1s, the
flow 1s designed to go to S900 after the binarization process
(S870) as to the input image data for each print color.

At S900, 1t 1s determined whether a binarization for one
raster (one line) has been completed. That 1s, 1t 1s determined
whether a binarization 1n the main scanmng direction (x
direction) has been completed.

When it 1s determined that the binarization for one raster 1s
not completed at S900, the tlow goes to S910, and one (1) 1s
added to the value of the variable x to move the subject pixel
position X, by one pixel (or column), 1n the main scanning
direction. The tlow returns to S860 and the steps subsequent
to S860 are performed again.

On the other hand, when 1t 1s determined that the binariza-
tion for one raster has been completed at S900, the tlow goes
to S920, and one (1) 1s added to the value of the variable y to
move the subject pixel position y, by one line, 1n the sub-
scanning direction (1n the y-axis direction).

At S930, a determination 1s made as to whether a binariza-
tion for one page has been completed. When it 1s determined
that the binarization for one page 1s not completed at S930,
the tlow returns to S850 and the steps subsequent to S850 are
performed again. On the other hand, when 1t 1s determined
that the binarization for one page has been completed at S930,
the halftoning ends. By executing the above-mentioned hali-
toning, output image data as to each print color 1s generated in
the output 1mage storage portion 122.

The following 1s a description of a binarization process
executed at S870 of the above halftoning (FIG. 17) with
reference to FIG. 18. The binarization process 1n this exem-
plary embodiment 1s diflerent from the conventional method
in that a dither matrix 1s changed according to whether the
print mode of the printer 200 1s set to the high-resolution
mode or the low-resolution mode 1n processes at S810 to
S830 of the halftoning (FIG. 17).

When the bmarization process 1s started, a pixel density
[(0=I=15) of the subject pixel (x, y) 1in the input 1image data
of the print color indicated by the variable T at S1010 1s read.
At S1020, a threshold value T corresponding to the subject
pixel (X, y) in the dither matrix selected during the processes
at S810 to S830 of the halftoning (FIG. 17) 1s read.

At 51030, 1t 1s determined whether the pixel density I read
at S1010 1s greater than or equal to the threshold value T read
at S1020. When 1t 1s determined that the pixel density I i1s
greater than or equal to the threshold value T at S1030, the
flow goes to S1040, the output image U of the print color
represented by the variable I as to the subject pixel (x, y) 1s set
to 1, and the tflow goes to S1060.

On the other hand, when 1t 1s determined that the pixel
density I 1s not greater than or equal to the threshold value T
(that 1s, 1t 15 under the threshold value T) at S1030, the tlow
goes to S1050, the output 1image U of the print color repre-
sented by the vanable 1 as to the subject pixel (x, y) 1s set to
zero (0), and the flow goes to S1060.

At S1060, the value of the output image U for the print
color represented by the variable 1 1s stored 1n the output
image storage portion 122. Thus, when the print mode of the
printer 200 1s set to the high-resolution mode, the binarization
(FI1G. 18)1s performed using the high-resolution dither matrix
235 intended for input image data of thirty two (32) levels, so
that the number of dots of the output image 1s decreased.

In the printer 200 of this exemplary embodiment, the pro-

cesses at S810 to S830 1n the halftoning process (FIG. 17)
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function as a dither matrnx selecting device, and the processes
at S1030 to S1050 1n the binarization process (FIG. 18) func-

tion as a determining device.

As described above, the printer 200 of this exemplary
embodiment uses a dither matrix corresponding to the ratio of
dot si1ze to pixel size of the output 1mage. Thus, according to
the printer 200, similar with the printer 100 of the first exem-
plary embodiment, the density of an entire image represented
by output image data can be made adequate even when the dot
s1ze 1s greater than the pixel size of the output image. In
addition, as 1s the case with the printer 100 of the first exem-
plary embodiment, there 1s no need to reduce the pixel density
I, and loss of levels of multi-level mnput 1mage data can be
prevented.

Although the invention has been described with reference
to the exemplary embodiments, 1t 1s to be understood that the
invention 1s not restricted to the particular forms shown in the
foregoing exemplary embodiments. Various modifications
and alternations can be made thereto without departing from
the scope of the invention. The mvention can be applied to
other equipment or devices, such as copying machines and
personal computers, as well as printers.

What 1s claimed 1s:

1. An 1mage processing apparatus that converts multilevel
input 1image data into multilevel output 1mage data having
tewer levels than the multilevel input image data and used 1n
an 1mage output device, comprising:

a determining device that determines an output level value
of a subject pixel in the output 1mage data based on a
comparison between an input level value of the subject
pixel 1n the mput 1mage data and a threshold value cor-
responding to the subject pixel 1n a dither matrix;

a mode setting device that adjusts the image output device
to operate 1n one of a plurality of 1image output modes
cach of which outputs output image data at a different
resolution;

a storage device that stores a plurality of dither matrices of
varying sizes according to representable levels 1n asso-
ciation with the plurality of 1mage output modes; and

a dither matrix selecting device that selects a dither matrix
of the plurality of dither matrices stored in the storage
device corresponding to the one of the plurality of image
output modes set by the mode setting device as a dither
matrix directly used by the determining device, wherein:

when a predetermined 1mage output mode 1s set by the
mode setting device, the dither matrix selecting
device selects a dither matrix that has a larger number
of levels than a number of levels of the mput 1mage
data, and

the predetermined 1mage output mode 1s an 1mage out-
put mode for outputting output 1mage data having a
highest resolution.

2. An 1image processing apparatus that converts multilevel
input 1image data into multilevel output 1image data having
tewer levels than the multilevel input image data and used 1n
an 1image output device, comprising;

a determining device that determines an output level value
of a subject pixel 1n the output 1mage data based on a
comparison between an input level value of the subject
pixel 1n the mput 1mage data and a threshold value cor-
responding to the subject pixel 1n a dither matrix;

a mode setting device that adjusts the image output device
to operate 1n one of a plurality of 1image output modes
cach of which outputs output image data at a different
s1ze rat1o of a dot size to a pixel size of an output image;
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a storage device that stores a plurality of dither matrices of
varying sizes according to representable levels 1n asso-
ciation with the plurality of image output modes; and
a dither matrix selecting device that selects a dither matrix
of the plurality of dither matrices stored in the storage
device corresponding to the one of the plurality of image
output modes set by the mode setting device as a dither
matrix directly used by the determining device, wherein:
when a predetermined image output mode 1s set by the
mode setting device, the dither matrix selecting
device selects a dither matrix that has a larger number
of levels than a number of levels of the mput 1mage
data, and

the predetermined 1image output mode 1s an 1mage out-
put mode for outputting output 1mage data having a
greatest size ratio of the dot size.

3. An 1mage processing method of converting multilevel
input 1image data into multilevel output 1image data having
tewer levels than the multilevel input image data, the method
comprising;

comparing an input level value of a subject pixel in the
input image data and a threshold value corresponding to
the subject pixel 1n a dither matrix with a computer
Processor;

determining an output level value of the subject pixel in the
output 1image data based on a result of comparing with
the computer processor;

storing a plurality of dither matrices of varying sizes 1n a
storage device;

selecting a dither matrix of the plurality of dither matrices
stored 1n the storage device corresponding to a resolu-
tion of the output image data as a dither matrix directly
used to determine the output level value when the output
image data 1s outputted at the resolution selected from a
plurality of resolutions with the computer processor; and

selecting a dither matrix that has a larger number of levels
than a number of levels of the mput 1mage data it the
output 1image data 1s outputted at a predetermined reso-
lution of the plurality of resolutions with the computer
processor, the predetermined resolution being a resolu-
tion for outputting output 1image data having a highest
resolution.

4. An 1mage processing method of converting multilevel
input 1mage data into multilevel output 1mage data having
tewer levels than the multilevel input image data, the method
comprising;

comparing an input level value of a subject pixel in the
input image data and a threshold value corresponding to
the subject pixel in a dither matrix with a computer
Processor;

determining an output level value of the subject pixel in the
output 1mage data based on a result of the comparing
with the computer processor;

storing a plurality of dither matrices of varying sizes 1n a
storage device;

selecting a dither matrix of the plurality of dither matrices
stored 1n the storage device corresponding to a size ratio
of a dot to a pixel of the output image data as a dither
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matrix directly used to determine the output level value
when the output image data 1s outputted at the size ratio
selected from a plurality of size ratios of dots to pixels of
an output image with the computer processor; and

selecting a dither matrix that has a larger number of levels
than a number of levels of the mput 1image data 1f the
output 1mage data 1s outputted at a predetermined size
ratio of the plurality of size ratios with the computer
processor, the predetermined size ratio being a size ratio
for outputting output image data having a greatest size
ratio of the dot size.

5. A non-transitory computer readable storage medium that
stores an 1mage processing program configured to operate a
computer to convert multilevel input 1mage data into multi-
level output 1mage data having fewer levels than the multi-
level input 1mage data, the program comprising instructions
to:

determine an output level value of a subject pixel in the

output 1mage data based on a comparison between an
input level value of the subject pixel in the input image
data and a threshold value corresponding to the subject
pixel in a dither matrix;

store a plurality of dither matrices of varying sizes; and

select a dither matrix of the plurality of dither matrices that

are stored corresponding to a resolution of the output
image as a dither matrix directly used to determine the
output level value when the output image data 1s output-
ted at a resolution selected from a plurality of resolu-
tions, having a larger number of levels than a number of
levels of the input image data if the output image data 1s
outputted at a predetermined resolution of the plurality
of resolutions, the predetermined resolution being a
resolution for outputting output image data having a
highest resolution.

6. A non-transitory computer readable storage medium that
stores an 1mage processing program configured to operate a
computer to convert multilevel input 1image data into multi-
level output 1image data having fewer levels than the multi-
level input 1image data, the program comprising instructions
to:

determine an output level value of a subject pixel 1n the

output 1image data based on a comparison between an
input level value of the subject pixel in the 1nput 1mage
data and a threshold value corresponding to the subject
pixel in a dither matrix;

store a plurality of dither matrices of varying sizes; and

select a dither matrix of the plurality of dither matrices that

are stored corresponding to a size ratio of a dot to a pixel
of the output image data as a dither matrix directly used
to determine the output level value when the output
image data 1s outputted at the size ratio selected from a
plurality of size ratios, having a larger number of levels
than a number of levels of the mput 1image data 1f the
output 1mage data 1s outputted at a predetermined size
ratio of the plurality of size ratios, the predetermined
s1ze ratio being a size ratio for outputting output 1mage
data having a greatest size ratio of the dot size.
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